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Summary. Photoperiod-sensitive rice (Oryza sativa L.)
cultivars are widely grown in rainfed lowland areas with
unfavorable water regimes. A molecular marker for the
trait would be useful in genetic and physiological studies
and in developing improved photoperiod-sensitive culti-
vars. Previous genetic studies identified a major gene for
photoperiod sensitivity on chromosome 6. We have test-
ed an isozyme marker and several RFLP probes mapping
to chromosome 6 in an attempt to identify marker(s)
tightly linked to photoperiod sensitivity in tropical rice
cultivars. We report here that the isozyme gene Pgi-2 is
linked (23.244.7cM) to the photoperiod-sensitivity
gene in the cultivar GEB-24. Although association of
duration with Pgi-2 alleles can be used to detect segrega-
tion of the photoperiod sensitivity gene in crosses, it will
probably not be useful as a marker in selection because
of its loose linkage. In contrast, a gene for photoperiod
sensitivity in the cultivar Puang Rai 2 was found to be
closely linked to the rice genomic clone RG64. Among
15 F; lines homozygous for photoperiod insensitivity, no
recombinants were detected with RG64. This clone is
thus an excellent probe to follow segregation of the major
photoperiod-sensitivity gene in rice crosses.
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Introduction

Developing early-maturing cultivars by eliminating or
reducing sensitivity to photoperiod has been a common
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objective of rice breeders over several decades. Recent
attention to less favorable environments has stimulated
interest among rice breeders in developing improved
photoperiod-sensitive cultivars (Mohanty etal. 1984;
Miah et al. 1986; Nwe and Mackill 1986). Additional
interest in photoperiod sensitivity (PS) stems from recent
developments in hybrid seed production using a male-
sterility gene that is sensitive to photoperiod (Tong et al.
1990). Measurement of PS under field or greenhouse
conditions is time-consuming and subject to error; there-
fore, a linked marker gene would be usefu! in selecting for
the trait.

A major PS gene (Se-7) has been located on chromo-
some 6, close to the blast resistance gene Pi-z (Yokoo
et al. 1980). These genes appear to be tightly linked (Ki-
noshita 1986). This linkage is supported by a study using
near-isogenic lines (Oosumi et al. 1989). The latter study
also showed that Pgi-2 is tightly linked to these genes in
the order Se-1-Pgi-2—Pi-z. Poonyarit et al. (1989) de-
tected linkage between Pgi-2 and photoperiod sensitivity
in three indica cultivars, but several recombinants were
obtained in the relatively small populations they ana-
lyzed. In the present study, we measured linkage between
PS and Pgi-2 and also searched for an RFLP probe(s)
more tightly linked to the major PS gene.

Materials and methods
Recombination with the locus Pgi-2

The source of PS in this study was the cultivar GEB24, a selec-
tion from a traditional local cultivar from Tamil Nadu, India.
Experiments were conducted at the International Rice Research
Institute (IRRI), Los Baiios, Philippines (14°N latitude).
GEB24 was crossed with IR4563-52-1-3-6 and 1R13146-179,
two breeding lines developed at TRRI. The former cross was
designated ‘IR 38697 and the latter ‘IR 38699°. Segregation was
detected as differences in heading date under the appropriate



planting date. Photoperiod-sensitive plants flowered late (in Oc-
tober) under early seeding (May—June). Plants heterozygous for
PS (i.e., those that produced segregating progeny) were allowed
to self-pollinate up to the Fy generation. Homozygous Fy lines,
which were derived from the same F; plant, were bulk-harvested
to constitute near-isogenic lines. A photoperiod-sensitive and
insensitive line were selected for two crosses with the following
designations:

Sensitive Insensitive

1R 38697-6-1-6-3 1R 38697-6-1-6-1
TR 38699-53-3-3-2 IR 38699-53-3-3-1

PS/Isozyme cross 1
PS/Isozyme cross 2

(The numbers after the cross number, such ‘-6-1-6-3°, refer to
the row numbers for each generation, F; through Fg. Thus,
IR 38697-6-1-6-3 and IR 38697-6-1-6-1 are identical until the F;
generation, where different plants were selected and given differ-
ent F; row numbers.)

Crosses were made between the sensitive and insensitive line
of each pair. Single F, plants of each cross were harvested to
generate two I, populations. The F, populations were seeded on
10 May 1987 and transplanted to a screenhouse concrete bed.
Heading of individual plants was determined as the day when
50% of the panicles were fully emerged. For chi-square analysis,
plants that flowered before October were considered photoperi-
od-insensitive,

Horizontal starch-gel electrophoresis was conducted follow-
ing the method of Glaszmann et al. (1988) for determining the
isozyme variants of Pgi-2. The photoperiod-sensitive parents
derived Pgi-2 allele 1 from GEB24, while the insensitive parents
possessed allele 2. Chi-square tests were performed to determine
goodness of fit to expected genetic ratio as well as independence
of Pgi-2 and photoperiod sensitivity. The maximum likelihood
method (Allard 1956) was used to estimate linkage between the
two loci.

Recombination with RFLP loci

This study used F; lines from an F, population studied by Poon-
yarit et al. (1989). They measured days to heading of F, progeny
from a cross between a photoperiod-sensitive cultivar, Puang
Rai 2, and 1R26760-27-1-3-2-1, a breeding line here designated
IR26760-27, which has weak PS. Puang Rai 2 has two dominant
alleles for PS, designated Se-1 and Se-3, while IR26760-27 has
a recessive allele for photoperiod insensitivity at one locus (se-1)
and a dominant allele for PS at the other (Se-3). The F, popula-
tion of the cross Puang Rai 2 x IR26760-27 showed a clear 3:1
segregation for the genotypes Se-1 — (sensitive): se-1se-1 (insen-
sitive).

Total genomic DNA was extracted from the two parents as
described by McCouch et al. (1988). DNA was digested with five
restriction enzymes (EcoRI, EcoRV, Pstl, Hind1Il and Xbal)
and run overnight in agarose (1%) gels. DNA was transferred
to nylon filters (Hybond N, Amersham), and probed with rice
genomic clones previously mapped to chromosome 6 (McCouch
etal. 1988). Out of 12 clones used, two (RG213 and RG64)
showed clear polymorphism on the two parents.

F; seed from the earliest (insensitive) and latest (sensitive) F,
plants were planted in the greenhouse at Cornell University. At
least four seeds from each F; line were seeded in each pot. Leafl
tissue from all plants within a pot were bulked for DNA extrac-
tion. Twenty homozygous-insensitive and six sensitive F; lines
were used (Table 2). Because the trait was scored on F, plants,
heterozygotes could not be distinguished from homozygous-sen-
sitive plants. The insensitive lines would therefore be more use-
ful for measuring linkage, and a larger number was used. Filters
prepared from the F; plants were probed with the two polymor-
phic clones mapping to chromosome 6.
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Results and discussion

Previous research has indicated that photoperiod-sensi-
tive rice cultivars flower in October or later when planted
before June, and that photoperiod-insensitive cultivars
do not have a duration to flowering longer than 130 days
in the tropics (Vergara et al. 1976; Nanda and Coffman
1979; personal observation). Therefore, in both crosses
scored for Pgi-2 alleles and PS, F, plants that flowered in
October were considered photoperiod-sensitive. All of
these flowered more than 130 days after seeding. There
were 9-day and 14 -day gaps in flowering between plants
classified as sensitive and insensitive in crosses 1 and 2,
respectively. Both crosses showed discrete distribution of
flowering; however, a bimodal distribution was clear for
cross 2 but not for cross 1 (Fig. 1). In cross 1, the insen-
sitive plants had a wider distribution for days to heading.
This has been observed in other sensitive x insensitive
crosses where the insensitive parent is early (Nwe and
Mackill 1986; Poonyarit et al. 1989). The insensitive par-
ent in cross 1 was about 3 weeks earlier in flowering than
that in cross 2 (Fig. 1). In the former, PS showed a good
fit to a 9:7 ratio (sensitive:insensitive) (Table 1). This
would indicate that, in addition to a dominant gene con-
ferring sensitivity, there is a recessive gene which inhibits
sensitivity. Such a recessive inhibitor was also observed
by Chang et al. (1969), and other workers have reported
a reduced number of sensitive plants in crosses involving
early insensitive-parents (Nwe and Mackill 1986; Poon-
yarit et al. 1989). But alternative ratios could be possible
in this cross, particularly considering that the ‘insensitive’
class had a range of flowering dates (Fig. 1). In cross 2

Table 1. Segregation for photoperiod-sensitivity and the isozyme
phosphoglucoisomerase (Pgi-2) allele in two rice crosses

Cross  Sensitivity class  No. of segregants 2
for each Pgi-2 allele®
11 1/2  2/2 Total
Cross 1 Sensitive 17. 56 6 79
Insensitive 7 32 29 68
Total 24 88 35 147
Chi-square test:
Sensitivity (9:7) 0.28
Pgi-2 focus (1:2:1) 7.37%*
Independence 24.85%*
Cross 2 Sensitive 21 43 8 72
Insensitive 3 8§ 16 27
Total 24 51 24 99
Chi-square test:
Sensitivity (3:1) 0.17
Pgi-2 locus (1:2:1) 0.09
Independence 21.68**

* Pgi-2 alleles are designated 1 for Pgi-2* and 2 for Pgi-2?
* ** Significant at the 5% and 1% level of probability
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the population showed a good fit to a 3:1 (sensitive:
insensitive) ratio (Table 1) implicating a major dominant
gene conferring PS.

The isozyme assay was performed at seedling and
tillering stages for each cross. The results were the same
for both stages. The chi-square value for cross 1 was
significant at the 5% level of probability; the number of
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Fig. 1. Distribution of days to heading in F, plants from two
crosses between photoperiod-sensitive and insensitive near-iso-
genic lines. Ranges of parents are shown by horizontal bars with
means indicated by circles

homozygotes for allele 1 was less, and the number of
heterozygotes more, than expected for a 1:2:1 ratio
(Table 1). The results showed a good fit to the expected
1:2:1 ratio in cross 2. In both crosses, the chi-square for
independence of Pgi-2 and PS was highly significant,
indicating a strong association between allele 1 (from
GEB24) and PS. Linkage between PS and Pgi-2 in
cross 2 was calculated as 23.2+4.7 cM by the maximum
likelihood method.

The RFLP survey on the parents of PR2 x IR26760-
27 revealed two polymorphic probes, RG64 and RG213,
on the region of chromosome 6 near Se-/. RG213
showed some association with PS, but linkage was
not very tight. Eleven of the photoperiod-insensitive F,
lines were homozygous for the marker of the insensitive
parent, and four were heterozygous (i.e., 13 ¢cM). RG64
alleles, however, were directly associated with the PS
phenotype (Fig. 2, Table 2). Of the 15 insensitive families
that gave a good autoradiogram signal, none had the
low-molecular-weight band of the sensitive parent PR2.
(There is a slight indication of such a band in lane 5
which could theoretically be due to only one plant with
this allele.) Of the six sensitive F; families used, three
were homozygous for the low molecular weight band of
PR2 and three were heterozygous. The PS genotype of
the sensitive F, could not be ascertained from this study,
because only F, data were available. As PS is partially to
completely dominant (Poonyarit et al. 1989), the three
RFLP heterozygotes could also be heterozygous for PS.
The recombination between PS and RG64 could only be
determined from the insensitive F;. As no recombinants
were observed, the genes must be closely linked. Because
only 15 plants were assayed, there is a 95% chance that
the map distance between the two loci is less than 12 cM.
If the very weak band in lane 5 was interpreted as a
recombinant, the map distance would be 3 cM.

The present study indicates that the major PS gene in
GEB24 and Puang Rai 2 (and, by implication, Soc Nau)
is loosely linked to the isozyme gene Pgi-2, and closely
linked to RG64. This contradicts a previous study, which
showed that Pgi-2 is tightly linked to the major-PS-locus
Se-1 (Oosumi et al. 1989). A possible explanation is that
the gene in GEB24 and PR2 is different from Se-1. A new
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Fig. 2. Autoradiogram showing hy-
bridization of rice clone RG64 to Xbal
restriction fragments of DNA from the
parents and F; progeny that are insen-
sitive and sensitive to photoperiod
from the cross Puang Rai 2 x TR26760.
(Five lanes with uncut or degraded
DNA, or with too low a DNA concen-
tration to detect bands are not shown)



Table 2. Photoperiod class, days to flowering and flowering
date (for seeding date of May 5) of F, plants of the cross Puang
Rai 2 x IR26760-27 from which F; lines used in the RFLP anal-
ysis shown in Fig. 2 were derived. F, data are from unpublished
results of M. Poonyarit (1989)

Line no. Class® Days to Flowering Lane
flowering date (Fig.2)
TR26760-27 (parent) I 115 30 Jul 1
F,, no. 168 1 119 3 Aug 2
F;, no. 125 | 122 6 Aug 3
F;, no. 410 I 122 6 Aug 4
F;, no. 263 I 123 7 Aug 5
F;, no. 54 1 124 8 Aug 6
F;,no. 77 I 124 8 Aug 7
F;, no. 331 I 124 8 Aug 8
F;, no. 165 I 126 10 Aug 9
F;, no. 174 1 126 10 Aug 10
F;, no. 418 I 126 10 Aug 11
F;, no. 111 I 127 11 Aug 12
F;, no. 195 { 128 12 Aug 13
F,, no. 412 1 129 13 Aug 14
F;, no. 98 I 130 14 Aug 15
F;, no. 338 1 133 17 Aug 16
F;, no. 320 S 186 9 Oct 17
F;, no. 290 S 190 13 Oct 18
F;, no. 313 S 192 15 Oct 19
F;, no. 13 S 205 28 Oct 20
F;, no. 184 S 206 29 Oct 21
F;, no. 335 S 208 31 Oct 22
Puang Rai 2 (parent) S 225 17 Nov 23

® 1 photoperiod insensitive; S photoperiod sensitive

set of crosses would have to be made to determine if this
is correct. Some results, however, indicate that the PS
gene linked to RG64 is the major-PS-gene Se-1. The
linkage between Se-1 and the blast resistance gene Pi-z is
well documented (Yokoo and Fujimaki 1971; Yokoo
et al. 1980). Yu et al. (1991) found a tight linkage between
RG64 and a blast-resistance gene designated Pi-2. Fur-
thermore, Brar et al. (1991) observed 11.6% recombina-
tion between RG64 and Pgi-2, confirming that the gene
tightly linked to RG64 was not tightly linked to Pgi-2.

The linkage of RG64 to PS has practical implications
in rice improvement. It will certainly be useful in genetic
studies of PS, as it may serve as an accurate assay of the
PS genotype in segregating populations. This is often
difficult to do because of the partial to complete domi-
nance of the trait and its dependence on the date of
seeding. In a practical breeding program it would be
expensive to use RG64 in selection for PS plants in large
populations. In tropical locations, such as Los Bafios,
Philippines, rice breeders can usually select photoperiod-
sensitive plants in the field with proper choice of seeding
dates. But developing improved photoperiod-sensitive
cultivars is more difficult and time-consuming than de-
veloping insensitive cultivars. Most breeding programs in
rainfed lowland areas have therefore concentrated on
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insensitive cultivars, even though photoperiod sensitivity
would often be an advantage.

Because highly productive photoperiod-insensitive
cultivars are easier to develop than are sensitive cultivars,
it would be advantageous to be able to convert insensitive
cultivars with demonstrated yield performance into pho-
toperiod-sensitive cultivars. It has been shown that
RFLP markers can reduce the number of backcrosses
needed to recover the recurrent parent genotype (Tanks-
ley et al. 1989). With a more saturated RFLP map, flank-
ing markers for PS could be identified. These could be
used to select for recombination between the PS gene and
nearby markers, allowing transfer of PS without the ac-
companying donor genes. The photoperiod-sensitive cul-
tivars developed from such a conversion program would
be more suitable for rice-growing environments with un-
predictable water regimes than the original insensitive
parent.
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